The results of speckle interferometric observations at the 4.1 m Southern Astrophysical Research Telescope (SOAR) in 2018 are given, totaling 3097 measurements of 2427 resolved pairs with separations from 11 mas to 5.
INTRODUCTION
We report here a large set of double-star measurements made at the 4.1 m Southern Astrophysical Research Telescope (SOAR) with the speckle camera, HRCam. This paper continues the series published by Tokovinin, Mason, & Hartkopf (2010a, hereafter TMH10) , Tokovinin et al. (2010b) , Hartkopf et al. (2012) , Tokovinin (2012) , Tokovinin et al. (2014) , Tokovinin et al. (2015) , Tokovinin et al. (2016a) , and Tokovinin et al. (2018a) . Most data were taken during 2018, but some older, unpublished measurements are presented here as well.
Section 2 reviews all speckle programs executed at SOAR in 2018, recent changes to the observing procedure, and the astrometric calibration. The results are presented in Section 3 in the form of electronic tables archived by the journal. We also discuss new resolutions, provide a large list of new orbital elements, and indicate likely spurious pairs. A short summary in Section 4 closes Sect. 2 .2) was used to execute several observing programs, some with common (overlapping) objects. Table 1 gives an overview of these programs and indicates which observations are published in the present paper. Here is a brief description of these programs.
Orbits of resolved binaries are of fundamental importance in various areas of astronomy, e.g. for direct measurement of stellar masses, binary statistics, astrometry, and objects of special interest such as binaries hosting exo-planets. Observations of tight pairs with fast motion, mostly nearby dwarfs, are prioritized at SOAR. Recently, Mason et al. (2018) published orbits of lowmass red dwarfs partially based on our data. However, "classical" visual binaries are also observed with appropriate temporal sampling to improve their orbits. The Sixth Catalog of Visual Binary Star Orbits, VB6 (Hartkopf, Mason & Worley 2001) , contains a substantial fraction of poorly determined, low-grade orbits based on inaccurate and/or sparse visual micrometric measures. This situation is slowly improving. Our work added 202 orbits to VB6, published between 2017 and 2018. More orbits are given here in Section 3.5.
Hierarchical systems of stars challenge the theories of binary-star formation. Better observational data on their statistics and architecture (orbits, relative inclinations) are needed (Tokovinin 2018b ). Many hierarchies have been discovered at SOAR using HRCam, and we are following their orbital motion. An interesting class of double twins -triple systems with quasi-coplanar orbits and moderate period ratios -has been recently identified (Tokovinin 2018c ). This paper adds several newly discovered hierarchies and several orbits of subsystems.
Hipparcos binaries within 200 pc are monitored with the aim of determining orbits and masses for stars in a wide range of effective temperatures and metallicities, as outlined by Horch et al. (2015 Horch et al. ( , 2017 Horch et al. ( , 2019 . The southern part of this sample is addressed at SOAR (Mendez et al. 2017) . This program overlaps with the general work on orbits. Accurate parallaxes of visual binaries, soon to be measured by Gaia, combined with good-quality orbits, will allow accurate measurements of stellar masses. However, it is naive to expect that Gaia will deliver precise parallaxes without knowledge of the orbits, as parallactic and orbital motions are coupled. The current Gaia data release, DR2 (Gaia collaboration 2018), contains examples of biased parallaxes of close visual pairs owing to this coupling.
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Binarity in the Orion OB1 association was studied in 2016 January (PI C.B.) using the new catalog of premain-sequence (PMS) stars published by Briceño et al. (2019) . Statistical analysis of this survey will be presented in a forthcoming paper. Here we provide the observational data, namely new close binaries and nonresolutions. Owing to the faintness of these targets, the laser guide star (see the instrument description in Sect. 2.2) was used to sharpen the images and thus increase the sensitivity at the expense of efficiency. However, the new CCD used in HRCam since 2017 has improved the magnitude limit to the point where several of these stars could be re-observed and confirmed without the help of laser, under good seeing.
Kepler multi-periodic stars in the Upper Scorpius association were assumed to be close binaries. Indeed, we were able to resolve most of them and published our results in Tokovinin & Briceño (2018) . This work raised our awareness of the poor census of binaries in this important young stellar aggregate. We continue to survey a large and nearly complete sample of PMS stars in this group and hope to publish the results soon.
Neglected binaries with small separations from the Washington Double Star Catalog, WDS ) are observed with a low priority, as a "filler". Lists of pairs in need of fresh data are provided by R. Gould (private communication, 2018) . A fraction of these stars are interesting because they are presently very tight, near the periastron of their orbits. Some of these pairs turned out to contain additional previously unknown components. Owing to the improved observing efficiency of HRCam, the regular program in 2018 March-April used only part of the allocated time. Two "filler" programs were improvised, namely measurements of southern binaries from the WDS with separations between 0. ′′ 1 and 0. ′′ 4 that were never observed at SOAR and observations of wide physical pairs in search of close subsystems. These programs led to the discovery of several new hierarchical systems and helped to pinpoint a number of false pairs that pollute the WDS catalog.
Nearby K and M dwarfs were observed on request from T. Henry (PIs J. Winters and D. Nusdeo). A number of binaries were resolved, apparently for the first time.
Several programs initiated in 2018 are still in progress, such as the high-resolution follow-up of TESS objects of interest, survey of stars in young moving groups, and search for tertiary companions to low-mass eclipsing binaries.
Instrument and observing procedure
The observations reported here were obtained with the high-resolution camera (HRCam) -a fast imager designed to work at the 4.1 m SOAR telescope (Tokovinin 2018a) . The camera was mounted on the SOAR Adaptive Module (SAM, Tokovinin et al. 2016b ). However, the laser guide star of SAM was not used (except in 2016 January); the deformable mirror of SAM was passively flattened and the images are seeing-limited. In most observing runs, the median image size was ∼0.
′′ 6. The SAM module contains the atmospheric dispersion corrector (ADC). The transmission curves of HRCam filters are given in the instrument manual.
2 We used mostly the Strömgren y filter (543/22 nm) and the near-infrared I filter (824/170 nm). A few measures were made in the V (517/84 nm) and R (596/121 nm) filters. The detector is the electron multiplication CCD iXon-888. Observations in 2016 used a different detector (Luca-DL), and the I-band response was 788/132 nm.
For each observing run, a unified observing list of objects from all programs was prepared. It contains accurate coordinates and proper motions (PMs) to allow for precise pointing of the telescope. The slews are commanded from the custom observing tool that helps to maximize the observing efficiency. When the slew angle is small, the next object is acquired almost immediately. Most observations were taken in the narrow 3 ′′ field with the 200×200 pixels region of interest (ROI), without binning, in the I filter; the y filter was used mostly for brighter and/or closer pairs. The pixel scale is 0.
′′ 01575 and the exposure time is normally 24 ms (it is limited by the camera readout speed). Pairs wider than ∼1.
′′ 4 are observed in a 400×400 pixels ROI, and the widest pairs are sometimes recorded with the full field of 1024 pixels (16 ′′ ) and the 2×2 binning. The binning is used mostly for the fainter targets; it does not result in the loss of resolution in the I band, which ranges from 40 to 45 mas, depending on the magnitude and conditions. Bright stars can be resolved and measured below the formal diffraction limit (an example is given below in Sect. 3.5). The resolution and contrast limits of HRCam are further discussed in TMH10 and in the previous papers of this series.
On the night of 2018 April 3/4, a total of 466 targets have been observed during 10.6 hours. The average time between targets was 1.36 min. Figure 1 illustrates the correlation between the target time and the slew distance; larger slews take a longer time. Typically, HRCam covers about 300 targets in one night.
In 2018, we implemented the automatic selection of reference stars for measuring the speckle transfer function. Their general list is based on the Hipparcos catalog (Perryman et al. 1997) , with Hp magnitudes between 5 and 7 and excluding known binaries. For each target, the observing tool offers five closest references from this list and points the telescope to the selected reference, if asked. In this way, there is no need to include reference stars in the observing program, and they can be chosen flexibly. Binaries with magnitude difference ∆m > 1 mag and unresolved targets (e.g. from the binarity survey program) are used as reference during data processing (see Tokovinin et al. 2016a) , so special observations of reference stars are needed only occasionally.
The first observations reported here were obtained in 2017 December, and the last in 2018 December. HRCam was used during scheduled observing runs, but also in parts of engineering nights available from other work. Figure 2 plots the cumulative number of observations executed during this year, which reaches almost 5000. The largest number of objects was covered during four The data processing is described in TMH10 and Tokovinin (2018a) . We use the standard speckle interferometry technique based on the calculation of the power spectrum and the speckle auto-correlation function (ACF) derived from it. Companions are detected as secondary peaks in the ACF and/or as fringes in the power spectrum. Parameters of the binary and triple stars (separation ρ, position angle θ, and magnitude difference ∆m) are determined by modeling the observed power spectrum. Additionally, the true quadrant is found from the shift-and-add images, whenever possible.
The pixel scale and angular offset are determined by observations of several relatively wide calibration binaries. Their motion is modeled based on previous observations at SOAR, with individual scale and orientation corrections for each observing run. The models are adjusted iteratively. The latest adjustment of 65 calibrators was done in 2017 November. Typical rms deviations of observations from these models are 0.
• 2 in angle and 1 to 3 mas in separation.
The adopted calibration procedure assures good internal consistency of the SOAR speckle astrometry but does not preclude the existence of global systematic errors. We compared a subset of 21 calibrators to the Gaia astrometry provided in the DR2 (Gaia collaboration 2018). The separations range from 0.
′′ 82 to 2. ′′ 2 (the remaining calibrators are not resolved in the DR2). We computed the Gaia position angles and separations for J2000 from the coordinates, corrected them for precession in angle to the epoch of 2015.5, and compared to the positions predicted by our models for the same date. The comparison reveals a small, but measurable difference between the SOAR and Gaia "systems". The position angles θ SOAR have, on average, an offset of −0.
• 17, with an rms scatter of 0.
• 12 around this value (or 3.1 mas in the tangential direction). The scatter decreases with separation. The SOAR separations are smaller compared to those from Gaia, and a linear trend is found:
as shown in Figure 3 . The rms scatter around this line is 2.05 mas. The systematical errors of the HRCam astrometry are less than the declared calibration accuracy, 0.5% in scale and 0.
• 5 in angle. We do not apply these corrections to the data presented here but rather prefer to keep the HRCam astrometry on the same system, for consistency. When the Gaia DR4 containing a large volume of doublestar astrometry becomes available, we will repeat and extend its comparison with HRCam and will determine the final corrections. At present, it cannot be excluded that the trend seen in Figure 3 is not caused, at least partially, by errors in the Gaia data. The optics of HRcam has a cubic distortion that reduces the pixel scale offaxis. However, this distortion is very small: the relative pixel scale is reduced only by 3 × 10 −5 for a 4 ′′ offset.
3. RESULTS
Data tables
The results (measures of resolved pairs and nonresolutions) are presented in almost the same format as in the previous papers of this series. The long tables are published electronically; here we describe their content. To illustrate the resolution and dynamic range of this data set, we plot in Figure 4 magnitude difference vs. separation for pairs resolved in the I filter. Table 2 lists 3097 measures of 2427 resolved pairs and subsystems, including the new discoveries. The pairs are identified by their WDS codes and discoverer designations adopted in the WDS catalog ), as well as by alternative names in column (3), mostly from the Hipparcos catalog. Equatorial coordinates for the epoch J2000 in degrees are given in columns (4) and (5) to facilitate matching with other catalogs and databases. In the case of multiple systems, the position measurements and their errors (columns 9-12) and magnitude differences (column 13) refer to the individual pairings between components, not to their photo-centers. As in the previous papers of this series, we list the internal errors derived from the power spectrum model and from the difference between the measures obtained from two data cubes. The median internal error is 0.3 mas, and 95% of these errors are less than 3 mas. The real external) errors are usually larger, especially for difficult pairs with substantial ∆m and/or with small separations. Residuals from orbits (Section 3.5) and from the models of calibrators, typically between 1 and 5 mas rms, characterize the external errors of the HRcam astrometry.
The flags in column (14) indicate cases when the true quadrant is determined (otherwise the position angle is measured modulo 180
• ), when the photometry of wide pairs is derived from the long-exposure images (this reduces the bias caused by speckle anisoplanatism) and when the data are noisy or the resolutions are tentative. The exact definition of noisy data, related to the signal to noise ratio in the power spectrum, is given in TMH10; such observations have a lower resolution limit and precision. For pairs wider than ∼1 ′′ , our estimates of ∆m may be too large owing to anisoplanatism and potential truncation of the companion's image in the narrow 3 ′′ field. For binary stars with known orbits, the residuals to the latest orbit and its reference are provided in columns (15)- (17). The orbits computed in this paper are referenced as "Tab.7".
Non-resolutions are reported in Table 3 . Its first columns (1) to (8) have the same meaning and format as in Table 2 . Column (9) gives the minimum resolvable separation when pairs with ∆m < 1 mag are detectable. It is computed from the maximum spatial frequency of the useful signal in the power spectrum and is normally close to the formal diffraction limit λ/D. The following columns (10) and (11) provide the indicative dynamic range, i.e. the maximum magnitude difference at separations of 0. ′′ 15 and 1 ′′ , respectively. Table 2 contains about a hundred pairs resolved for the first time; some of those were confirmed in subsequent observing runs. Almost as many additional first resolutions belonging to the projects led by other PIs will be reported elsewhere (these pairs are not published here), while 54 new pairs in Upper Scorpius are published by Tokovinin & Briceño (2018) . In the following sub-sections, we discuss new resolutions in the context of observing programs.
New pairs in Orion OB1
In 2016 January 16-18, we surveyed young low-mass stars in the Orion OB1 association. We targeted 150 objects amongst the brightest (V ≤ 15) of the 2062 T Tauri stars (TTS) reported by Briceño et al. (2019) . This sample includes 74 young stars in the ∼ 5 Myr old OB1b sub-association and another 74 in the older OB1a subassociation; the latter are distributed as follows: 42 are part of the widely distributed "young field" population of OB1a (∼ 11 Myr), 17 are members of the 25 Ori cluster and 8 of the HD 35762 cluster (both ∼ 8 Myr old), and 7 belong to the HR 1833 cluster (∼ 13 Myr). There are 30 accreting classical TTS (CTTS) stars among the sample, 111 non-accreting weak-line TTS (WTTS) and 7 of the newly-defined C/W class, objects with accretion properties intermediate between CTTS and WTTS, possibly because they are in the process of ending their accretion phase. Roughly half of the CTTS are located in OB1b. This is by design, in order to have similar number of accreting TTS in both regions for statistical comparison of multiplicity of accreting and nonaccreting stars. In reality, the younger OB1b region contains roughly twice as many CTTS as the older OB1a (which includes the three clusters mentioned above). As most targets were quite faint, we used the SAM laser guide star for partial compensation of turbulence to get sharper images. The AO loop did not compensate for the tilts; instead, the individual frames were centered and co-added in the data processing. The good seeing during these observations and the AO compensation resulted in the median full width at half maximum (FWHM) of re-centered images of 0.
′′ 33 (best 0. ′′ 25), while the site monitor reported seeing from 0.
′′ 5 to 1 ′′ during these observations. In the morning, when Orion was too low, we observed stars in the young association ǫ Chamaeleontis (Briceño & Tokovinin 2017) .
Data cubes were taken with HRCam in the I filter (response 788/132 nm for the Luca DL camera used in 2016) with exposure time of 0.1 or 0.2 s per frame, longer than usual, and with the 2×2 binning. Data cubes with a smaller field and shorter exposures were also acquired; they were useful for stars brighter than I = 12 mag. The data were processed by the standard speckle pipeline. In addition, we examined average re-centered images (Figure 5) where the smooth component approximated by the Moffat function was subtracted. This helped to detect or confirm faint companions at larger separations. In 2017 and 2018, some newly discovered close binaries were re-measured without the laser image sharpening because the HRCam used a new CCD camera with better sensitivity.
Statistical analysis of the binary population in the Ori OB1 association is beyond the scope of this paper. It will use seeing-limited images and Gaia astrometry to address wider binaries. Here we only report the speckle results. The PMS stars in Ori OB1 are identified by 3.3. New multiple systems As in the previous papers of this series, we report discoveries of new visual multiple systems containing three or more resolved components. This information is ingested into the current version of the multiple-star catalog, MSC (Tokovinin 2018b) . Although the high angular resolution of HRCam helps to discover inner close pairs in known binaries, its high dynamic range has also enabled detection of 11 faint outer companions to known binaries. In HIP 53776, both inner and outer pairs are new discoveries. In 13343−1132, the newly discovered component C is itself a close pair Ca,Cb. Resolution of the secondary component in 06401−3033 was reported by Elliott et al. (2015) , but not reflected in the WDS, so this triple system is re-observed here. Table 5 presents 35 new multiple systems in compact form. Its first column gives the WDS code. In column (2), the discoverer code and the components' designation of the outer pair are given, followed by the separation in arcseconds in column (3). Then in columns (4) and (5) the same data are given for the inner subsystem. New subsystems (either outer or inner) are distinguished by an asterisk. Many close inner pairs have short estimated periods, favoring determination of their orbits within a few years, like the nearby low-mass hierarchies 09180−5453 and 10268−6254.
In several triple systems presented here the projected outer and inner separations are comparable (Figure 6 ). If these pairs are physical and the true 3-dimensional separations are also comparable, the inner and outer orbits strongly interact with each other. Further monitoring will help to investigate the dynamics of these systems and, of course, to confirm or refute the physical nature of the companions. From this perspective, nearby systems with fast relative motion will be most interesting. On the contrary, a faint tertiary companion to a distant star with a slow PM in a crowded region of the sky is likely optical. Such is the case of 08297−6708, 15386−5128, 16439−3234, and 16545−2734. The new component C in 05441−1934 with ∆I ∼ 5 mag is found in the Gaia DR2 at a slightly different position, so it is likely optical, despite the low crowding. The tertiary in 13044−1316 is likely physical because it keeps the same position in DR2 while the PM is fast; therefore, this triple could be a genuine trapezium. The status of other new tertiaries remains unknown. Table 6 we list 31 first-time resolutions of binaries. Some of them could have been spotted by other observers but are not yet published and listed in the WDS, being "new" in this sense. Its columns give the WDS code, alternative name, separation, magnitude difference, and the observing program code, where EH refers to the list of objects provided by E.H. (all these stars were resolved at the WIYN telescope in 2012-2013), HIP is the survey of Hiparcos stars, SB2 marks double-lined spectroscopic binaries. Four pairs are serendipitous resolutions of reference stars (code Ref). The 0.
New binaries In
′′ 6 pair TDS8647CD (13012−4109) belonging to the visual multiple system (code MSC) is proven here to be spurious, like many other similar Tycho binaries (Tokovinin et al. 2018a ), but we resolved instead a different pair. HIP 25493 was observed as part of the Orion OB1 survey.
3.5. New and updated orbits . Long periods of classical visual binaries and slow accumulation of measures have established the tradition of computing tentative orbits as soon as feasible. As a result, the VB6 catalog (Hartkopf, Mason & Worley 2001) contains a large number of provisional, low-quality orbits. Naturally, the orbits are improved (or drastically revised) in response to new measures, so that the orbit calculation becomes an almost continuous process. In theory, it could be automated. In practice, however, critical evaluation and proper weighting of the data (especially the historic visual measures) is essential. Different authors have different schemes and approaches in this matter. We adopt weights proportional to σ −2 , where the errors σ are assigned according to the measurement technique (e.g. from 2 to 5 mas for speckle interferometry at 4-m class telescopes, 10 mas for Hipparcos, 50 mas or larger for visual micrometer measures) and corrected iteratively to reduce the impact of outliers, if necessary. The IDL program ORBIT is used (Tokovinin 2016b) .
Our speckle program at SOAR has contributed to the improvement of existing orbits and determination of new orbits, especially for the close Hipparcos and interferometric pairs. During 2017 and 2018, more than 200 orbits based on the SOAR data were added to the VB6 catalog. Here we provide additional 111 orbits in Table 7 . Provisional grades and references to previous orbits are given in the last columns; askerisks mark orbits where radial velocities from the literature are used jointly with position measures. For provisional orbits of grade 5, we do not list the formal errors which are large and misleading when the observations do not constrain all orbital elements and we fix some of them. Although provisional orbits are poorly constrained, their publication helps to plan further observations of fast binaries like 04400−3105 (period 14 yr) and to model the motion of long-period pairs, where no substantial orbit improvement is expected in the coming decades. For circular and/or face-on orbits, some Campbell elements become degenerate and they are fixed accordingly. As an example of a "fast" binary from our Hipparcos program, we show in Figure 7 the first orbit of HIP 6626 (HDS 184, GJ 1083), a K7V dwarf within 25 pc from the Sun. Measurements at SOAR taken during four years, together with the first Hipparcos resolution, define the orbit quite well. The short period of 6.3 years implies a large radial velocity (RV) amplitude. Realizing this, we took one spectrum with CHIRON on 2018.916 and, indeed, detected the double lines with an RV difference of 20 km s −1 . Further monitoring and accurate parallax from future Gaia data releases will lead to precise mass measurement of these stars. of 2018, a provisional orbit with a one-year period was computed. To test it, the star was observed in 2018.5, outside its normal visibility season. This critical observation invalidated the proposed orbit, but helped to establish the true orbital period of 0.6515±0.001 years (238 days). All measures were examined and re-processed where necessary, reaching below the nominal diffraction limit of 30 mas and down-weighting the data affected by telescope vibration. The weighted rms residuals to the orbit are 1.5 mas in both coordinates. With the Gaia DR2 parallax of 26.49 mas, the mass sum is 4.2 solar. Based on its kinematics, the star may belong to the 300-Myr old UMa moving group.
Several binaries in Table 7 have sub-solar metallicity. For example, HIP 24076 (05103−0736, A 484) with [Fe/H]=−0.57 dex (Holmberg et al. 2009 ) goes through the periastron of its eccentric orbit in 2019.0 and is being followed both by speckle and by spectroscopy. Accurate orbits and masses will be used to test stellar models, continuing the work of Horch et al. (2019) on metal-poor stars.
3.6. Spurious double stars A star is considered to be double if it was resolved at least once. If the resolution was spurious, as shown by subsequent observations, the double-star label still persists. It is difficult to prove that a given star is not double because its non-resolutions can be explained by the orbital motion that brings the components too close together, by a large ∆m, or by poor observing conditions. The WDS records only the last measure, so, when a given pair was repeatedly unconfirmed, this fact is hidden and, instead, leaves an impression that the object is "neglected" by observers. Here we present a list of likely spurious pairs, hoping to clean the WDS catalog and to reduce the waste of effort for their observation. In a sense, this is a necessary complement of new discoveries presented above.
Two enigmatic cases of "ghost" visual pairs with multiple spurious historic measures were presented by Tokovinin (2012) ; other likely spurious visual binaries are suggested here, namely several pairs by van den Bos (discoverer code B). An intriguing case is WDS J03244−1539 (A 2909AB), for which a grade 3 orbit with P = 11.35 years was computed. This object was visited at SOAR 13 times between 2007 and 2018 and resolved only once in 2013.74; the non-resolutions contradict the orbit, and we believe that this star is single (it has a constant RV). Other observing techniques also contributed their share of spurious pairs, for various reasons. In speckle interferometry, doubling or elongation can be caused by telescope vibration, optical ghosts (see Tokovinin et al. 2018a) , or poorly corrected atmospheric dispersion. A number of CHARA pairs were withdrawn as false resolutions by McAlister et al. (1993) ; several more are spotted here. Similarly, some resolutions at SOAR (discoverer code TOK) are likely spurious, as revealed by subsequent observations. Lunar occultations have supplied quite a few false doubles stars, and many Tycho pairs with small separations are spurious as well (Tokovinin et al. 2018a ). Other reasons of spurious discoveries are optical pairs with fast relative motion and pointing wrong stars.
It is almost impossible to prove with certainty that a given star is not double; our conclusions on the spurious nature of some pairs are based on the available evidence. When a pair discovered visually is repeatedly unresolved with a more powerful technique such as speckle, it is very likely spurious. Estimation of the orbital period based on angular separation and distance from the Sun helps to reject the pair when its speckle coverage is of comparable duration or when the period is very long, as the usual hypothesis that the binary became temporarily too close can be dropped. A number of spurious subsystems can be rejected because the outer binaries were repeatedly measured by speckle without resolving the subsystem, as, for example, WDS J15462−280, one of our calibrators; its subsystem CHR 50 is definitely spurious (Tokovinin 2012) . (Tokovinin et al. 2018a ); L -long estimated period; S -short estimated period or spectroscopic coverage; Vib -artefact caused by telescope vibration. Table 8 presents the list of candidate spurious double stars observed at SOAR. Its first two columns link the pair to the WDS catalog . Column (3) describes the resolution by giving the separation in arcseconds, measurement technique (Vis -visual, Spspeckle, HIP -Hipparcos, Tyc -Tycho, Occ -lunar occultations), and the years when the pair was resolved. The last column gives the years of non-resolutions at SOAR and additional hints coded by letters. DR2 indicates non-resolution by Gaia (resolved binaries do not have parallaxes in DR2). Many objects are located at large distances, and their separations, if real, imply periods of >100 years (code L). Similarly, the code S means that the period of non-resolution is comparable to the short estimated binary period; in some cases the spectroscopic orbit provides a strong evidence against existence of close visual binaries. False resolutions at SOAR are explained, mostly, by the effect of vibration (see Figure 6 of Tokovinin 2018a) that was not fully appreciated during the first years of HRCam operation (code Vib) and by optical ghosts (code OG). Although some ob-
